Transmembrane resting potentials of squid axons were meas-
, using "permeability constants" for the individual ions in a simple equation , which has essentially the same form as those derived previously by PLANCK (1890) and GOLDMAN (1943) . The result of CURTIS and COLE (1942) was shown to be in quantitative agreement with the theory of HODGKIN and KATZ (1949) , with the use of two sets of parameters for ion permeabilities.
In order to test the above theory, several attempts were also made to change the intracellular concentrations of ions in muscle fibers or axons (TOBIAS, 1950; ADRIAN, 1956; KOKETSU and KIMURA, 1960; GRUNDFEST et al., 1954; GIBBS and JOHNSON, 1962) . However, the methods employed did not allow for change in the intracellular ionic composition at will. BAKER et al. (1961 BAKER et al. ( , 1962 performed experiments replacing the axoplasm with various ionic solutions using a technique of extruding the axoplasm. BAKER et al. (1962) and NARAHASHI (1963) reported that the electrical effects of changing the composition of the internal ionic solutions of squid axons fitted reasonably well with what was deduced from experiments with the change of external ions. They asserted that the K-ion concentration difference across the membrane provided the main electromotive force for generating the resting potential. On the other hand, OIKAWA et al. (1961) and TASAKI et al. (1962) developed another type of internal perfusion technique for the squid giant axons; and TASAKI and TAKE-NAKA (1963) demonstrated that for a perfusion experiment with favorable anions, the substitution of Na-ion for the internal K-ion produced little or no change in the resting potential. They proposed that the major potential barrier in squid axon membrane was at the outer surface of the membrane and had cation exchanger properties.
We have proposed a concept for the transmembrane potential in both artificial (OHKI 1971 (OHKI , 1972 (OHKI a, b, 1976 and axon membranes (AONO and OHKI, 1972) , which stresses an important role of surface potentials for the transmembrane potential which are produced at the boundaries of the membrane surface and the electrolyte solution. A similar idea to the above was proposed by MCLAUGHLIN and HARARY (1974) and HILLE et al. (1975) . In this series of work, our aim is to obtain a comprehensive understanding of the transmembrane potential of the squid axon, which may arise from either ionic diffusion across the membrane or surface boundary potentials, or a mixture of both. In order to perform this study, as a first step, experiments were carried out to investigate the relationship between the resting potential and the K-ion concentration by changing both internal and external salt concentrations for squid axons. 
RESULTS
Experiments were performed by changing both intra-and extracellular solutions simultaneously. Extracellular solutions of various ratio of KCl and NaCl were used, while the total concentration of K+ and Na+ was kept constant at 500 mM, and also calcium concentration was maintained at a constant level of 20 mM. Intracellular solutions were a mixture of KF (600 mM) and glucose (980 mM). The average values of resting potentials obtained for various extra-and intracellular solutions are shown in Table 1 . The arithmetic average of the resting potentials was taken for six successful experiments. For each axon, the resting potential was measured first by perfusing the intracellular solution of the highest K-ion concentration (500 mM K), keeping the axon in natural sea water, and after the membrane potential reached a stable value, the external solutions were changed successively (from low to high K-ion concentrations). Each external solution was flushed continuously for a sufficient period of time to enable the membrane potential to reach a stable value. Then, the extracellular solution was switched back to the sea water. It was ascertained that the resting potential resumed its original level within a few millivolts deviation. Then, the second intracellular solution, which had the second highest K-ion concentration, was perfused through the axon, followed by the successive changes of the extracellular solutions in the Extracellular Potassium Concentration (mM) Artificial sea water and natural sea water. 
where Pi is the permeability coefficient for the j th ion species. It is estimated that the relative ion permeabilities for the squid axon are about Pk. PNa: Pc1=1: 0.04: 0.45 at the resting state (HODGKIN and KATZ, 1949 
The membrane potential calculated from Eq. (1) with the above set of permeabilities is expected to reproduce the experimental data, but the agreement is far from satisfaction. The main discrepancy is that the change in the intracellular potassium concentration did not affect the transmembrane potential as expected from Eq. (1). BAKER et al. (1962) also observed that the change of internal potassium ion from 300-600 mM increased the membrane potential by only 5 mV, e.g., a saturation effect limits the membrane potential to about 60 mV. They considered that this saturation resulted from the reduction of the K-ion permeability due to the large membrane potential. However, it is seen in Fig. 3 that the same tendency was observed even in the region where the magnitude of the membrane potential was lower than 30 mV. The rate was much smaller than that expected from the Nernst equation at any given extracellular solution experimented.
Even if Eq. (1) is essentially correct, therefore, the permeabilities must be considered to depend on the composition of the environmental solutions. A part of this dependence may be explained by taking account of the surface potential due to electric charges on the membrane. An analysis along this line will be published in the near future.
